Surfactants are frequently employed by biological inivestigators to reduce the surface tension of aqueous salutions and to bring about ready wetting of tissues.
Mlaximum expression of this property is attained at low surfactant concentrations, though the effective concentration varies somewhat between preparations. In some situations the role of the surfactant is that of a solubility aid or stabilizer of a 2-phase system, in whlich case higher concentrations may be necesssary.
In the investigations reported here we confined our attention to nonioniic surfactants, on the assumiiptioni that they would be less likely to he retained by plant tissues than cationic or anionic comlpoundls. Our primary interest was with effects on root growth and function.
Materials and Methods
Surfactants. Commercially available surfactants are usually not fully defined chemicals. Information is providled as to the general clhemical structures present, but the precise chemiiical compound may not be 1 Revised manuscript received Sept. 9, 1963 . 2 Paper 37, Plant Nutrition Laboratory. This work was supported by research grant RG-07339-02 from the National Institutes of Health.
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specified (8) . In some cases it is known that a, mixture of molecular species may be present, and often the manufacturer may offer a numbered series of chemically-related preparations wvith progressively changing properties (8) 
Results
An initial survey was made of the effect of the surfactant preparations on the elongation of the primary root of cucumber seedlings (test system A) at the arbitrarily selected concentration of 0.01 % v/v, at which level, substantial surface tension reduction would be effected. Surprisingly, all surfactants tested brought about some repression of root elongation at this concentration. Half of them reduced root length by more than 30 %. In table II are listed the values obtained with the compounds grouped by activity classes. It was noted that in general the esters were less repressive than the ethers and alcohols.
Three widely used compounds, Tween 20, Tween 80, and Tergitol NPX which exhibited slight to moderate activity in tests with cucumber seedlings (test system A) were selected for concentration studies Close examination of the roots showed some repression of root hair development at 0.01 %, and in each case at 0.05 % root hairs were almost completely absent. The number and length of the lateral rootlets was also reduced at the higher concentrations. The general morphology of the root system was therefore substantially changed at relatively low surfactant c-oncentrations. tively enhanced the activity of auxins ancl gibberellinis in promoting the elongation of pea steml sections at quite low concentrations and possesse(l nearly as great intrinsic activity at certaini concentrations as pea glycerides and pure fatty acid esters (14) .
In addition to determining the effects of surfactanits on root growth it appearedl to be of interest to investigate the possibility of effects on ion uptake bv normal roots, in(lee(d this wvas our primary inter-est in these compoun(ls. The external surfaces of roots wet freely, but it occurred to uls that solute penetr-ation into the free space of roots miight he affected by surfactants and that with this possibility in miiind onlynonionic surfactants should be consi(lere(l. The con1-cept of a portion of young, actively functioniing roots freely accessible to iolns in the ambient solution is now generally accepted. It seemiie(d possible that the presence of a surfactant nmight bring about a change in the apparent volume of the free space and perhaps also in the uptake rate if there was some change in accessibility or ion diffusivity. Accordingly, K uptake experiments were carried out on normal 7-day barley roots, which after excision were placed in 1 X 10-3 M K2SO4 containing surfactant. Tween 20 and Tween 80 were used because they were among the least repressive compounds in the experiments reported above. At 0.015 % v/v both compounds significantly reduced the uptake of potassium, Tween 20 being the more repressive at this concentration ( fig  3) . The effect was manifest by the end of the first hour and continued for the following 2 hours, after which there was little difference in the uptake rates between the treated and control roots.
To inquire more closely into possible effects in the first 3 hours a further experiment was uptake was significantly reduced. There is no evidence that the presence of the surfactant increased solute accessibility or that the initial absorption was enhanced. On the contrary, absorption was depressed for the first 2 hours, after which it appeared that the rate of uptake by treated roots in the 2 lower concentrations was approximately the same as in the control. There is some indication therefore that the initial surfactant effect is overcome, but this phenomenon would need further study for clarification.
A further suggestion of the repressive effect of surfactants (Tween 20 and Tween 80) on root activity was noted in that considerably less resin was required in the control of pH of systems containing surfactants. This was especially the case at sur--actant concentrations greater than 0.01 % v/v.
Parenthetically it should be mentioned that the presence of surfactants may enhance the luminosity of solutions analyzed by flame photometry (1). This was observed with Tween 20 and 80 only at concentrations higher than 0.10 %: all standard readings were made on known potassium solutions containing the same surfactant concentration as the test solutions.
Discussion
The acceptance of the use of surfactants in plant physiological research was greatly prompted by the work of Withrow and Howlett (17) through their evaluation of the relative toxicities on plants of a number of surfactants. Variation in the response of plants to surfactants has recently been reported, including both inhibitory and stimulatory effects. Stowe (15) has reported both inhibition and stimulation of growth in pea stem sections due to different types of surfactants. Similar effects were reported by Westwood and Batjer (16) who observed that foliar application of Tween 20 to apple trees enhanced the activity of naphthaleneacetic acid. The application of Tween 20 to soil at the base of Datura plants resultedl in a 40 % increase in dry weight (2) though a foliar application had no such effect. Harley et al. (6) reported Tween 20 Lo have a mild hormonal activity as a thinning agent when applied foliarly to apples. Jansen (7) tension reduction. Of the chemical types included in this survey those having polyethylene glycol ether, thioether, or ether alcohol structures were somewhat more inhibitory than the fatty acid ester type. The generality of the response makes it evident th1at in any situation involving the application of chemicals to roots or to germinating seeds in which there may be reason for including a surfactant, there should be a preliminary study of the surfactant alone in order to select one causing minimal response. There should further be a concentration study so that no more surfactant is used than is necessary to obtain the desired physical effect in aqueous systems.
The repressive effects of the 2 selected surfactants, Tween 20 and 80, on ion uptake could not have been predicted. As nonionic compounds they would presumablv not be retained by absorption sites as would cationic or anionic surfactants. If these compounds do bring about changes in the volume of accessible free space, this dces not result in enhancement of uptake. Rather does it seem that there is an intrinsic chemical effect inasmuch as the uptake rate is decreased with an increased surfactant concentration. Moreover, in the developing root systems there were morphogenic effects of considerable subtlety.
This work has raised in our minds some wider issues with respect to the use of surfactants in experimentation with plants and on tissues other than roots. An extensive literature survey has made it apparent that few investigators who have employed surfactants in biological systems have given adequate consideration to the possibility that the adjuvant itself has independent activity in the system. This may not be of concern where the objective is to enhance the effectiv-eness of foliar-appliecl nutrients, herbicides, clefoliants. or even insecticides, but in other circumstances invol ving complex growth phenomena such as differentiation, induction, or auxin-mediated events a strcng case can be made for greater caution. The exact concentration of the surfactant employed is often unspecified (3, 5, 13 In general the polyethylene sorbitan fatty acid esters were less inhibitory to roots than those witl ether or ether-alcohol structures.
The relative lengths of roots, leaves, and coleoptiles of young barley seedlings were altered by germination and grtowth in the presence of 0.01 C v/v solutions of representative nonionic surfactants. In some cases there was substantial stimulation of growth of one or more organs.
Potassium uptake by excised barley roots was repressed by low concentrations of surfactant Tweeni 20 and Tween 80, which in other tests have low inhibitory activities.
Prior to the use of nonionic surfactants as an adjuvant in experimentation with roots or germinating seeds, it should first be established that the selected surfactant is without independent activity at the concentration used.
